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INTRODUCTION 


Measurements of ozone concentration in the cabins 
of airline operated Boeing 747SP and 747-100 airliners 
are tabulated and plotted along with simultaneous 
measurements of atmospheric ozone concentrations exis- 
ting outside the aircraft. High concentrations of 
ozone in the cabins of some jet aircraft are of concern 
to both flight crews and passengers as well as industry 
and government organizations. Certain physical dis- 
comfort experienced on some flights has been attributed 
to high levels of ambient ozone entering the cabin from 
the outside (refs. 1 and 2). 


The simultaneous measurements of inside and out- 
side ozone levels are necessary to determine the des- 
truction of ozone in the aircraft pressurization - ven- 
tilation systems. This information is useful in the 
design of cabin ozone removal devices and systems. The 
relation between in the cabin and outside ozone levels 
is also required to determine the statistical proba- 
bilities of encountering high ozone levels in the cabin 
from available climatological data on atmospheric ozone. 


The tabulated and plotted ozone data contained in 
this report permit an evaluation of the cabin ozone 
problem in terms of the ozone levels in the cabin of 
these type aircraft experienced during routine oper- 
ations on certain flight routes. These data also con- 
tribute to the statistical data base of atmospheric 
ozone levels during several months in the peak ozone 
season. 


Ozone measurements were taken by an airborne 
atmospheric sampling system as part of the NASA Global 
Atmospheric Sampling Program (GASP). The NASA instru- 
mentation was installed on the Boeing 747 airliners to 
measure constituents of the upper atmosphere, including 
ozone (ref. 3). Equipment installation, maintenance, 
and service of the GASP instrumentation has been car- 
ried out by the United Airlines Engineering Group under 
contract to NASA. 


ozone measurements for two GASP equipped 747 airliners 
have been reported by NASA (refs. 4-8). The GASP 


| Selected aircraft cabin and ambient (atmospheric) 
| equipped 747-100 airliner (N4711U) operated by United 











Airlines obtained ozone data over the contiguous United 
States and to Hawaii. The 747SP aircraft (N533PA) of 
Pan American World Airways acquired data on many inter- 
national routes. 


This report presents all the cabin ozone data 
collected from March through December 1977. Data that 
has been collected after this period will be published 
in this same format as it is processed. 


INSTRUMENTATION 
Description of Ozone Measurement System 


Instrument Type - Ozone was measured on both air- 
craft by commercially available ultraviolet absorption 
photometers modified and repackaged to operate in the 
airborne environment. Readings are continuous, up- 
dating every 20 seconds. Range is from 3 to 20,000 
ppbv (parts per billion by volume). Operational proce- 
dures were set up to insure the integrity of the data. 
These include in-flight instrument health checks, 
instrument calibration techniques, measurement of ozone 
loss in the GASP air sample inlet line and pressuriza- 
tion system, and periodic instrument maintenance. 


Modifications to the commercial-type instrument 
for use in the fully automated GASP system included (1) 
manual control mode switch replaced with logic circuits 
activated by the preprogrammed GASP onboard computer. 
(2) visual display replaced with an output shift regis- 
ter for digital recording of the airborne data, (3) 
circuits added to provide instrument identifications, 
and (4) output logic modified to read out a negative 
zero offset not available in the original instrument. 


In-flight Checks and Calibration - In-flight 
instrument health checks, recorded with the data, 
monitor the instrument zero, span, and frequencies of 
the two electronic counters used to measure the ozone 
concentration. These checks are performed once each 
hour. Zero gas is provided for the instrument zero by 
directing the air sample at the proper time through an 
ozone scrubber in the inlet line. 
















































All flight instruments are calibrated before 
installation in the aircraft and periodically there- 
after using a secondary transfer standard. This stan- 
dard is a laboratory-type ultraviolet photometer which 
was initially calibrated using a one percent neutral 
buffered potassium iodide (KI) method. Later in the 
GASP program, the standard was calibrated at the Jet 
Propulsion Laboratory (JPL). This calibration is 
traceable to the JPL five meter UV photometer described 
in reference 9. The KI calibration was found to be 9 
percent higher than the UV photometer calibration. 
Thus, all published GASP ozone data are 9 percent high 
compared to the JPL calibrations. This is a systematic 
difference and can be easily corrected if the KI method 
is determined incorrect and other methods such as the 
UV photometer is adopted as the standard. 


The reliability of the instruments was determined 
from flight and ground checks and the laboratory 
recalibrations following installation in the aircraft. 
Most component failures could be detected from the 
instrument output or ground checks. One type of 
failure (deterioration of the ozone scrubber) was 
detected only at the time of recalibration. Excluding 
failures, the stability of the ten flight instruments 
during one year of operation (seven calibrations per 
instrument) was within one percent. 


A concern in the ozone measurement is the des- 
truction of ozone in the lines from the stainless steel 
inlet probe to the instrument, and in the sample pump 
that raises the sample pressure to 1 atm. The lines 
are Teflon, and the pump is a Teflon coated diaphragm 
pump. Ozone destruction through the aircraft installed 
system is measured under conditions simulating opera- 
tion in flight. An ozone destruct test package was 
developed by NASA to periodically determine this loss 
on the aircraft. Initial test data from different sys- 
tems indicated ozone destruction from 13 to 19 per- 
cent. This was later reduced to less than 6 percent 
with a random error of 12 percent using improved mate- 
rials in the pump. Thus, the random error of the total 
ozone measuring system was found to be less than 4 per- 
cent of reading or 3 ppbv, whichever is greater. 


It has been observed that smoke injested into the 
instrument produces transitory fluctuations in the 








readings, either positive or negative. This effect may 
account for some of the spikes that appear occasionally 
in the ozone data recorded in the cabin. 


A complete description of the ozone measurement 
system is given in reference 10. 


Equrpment Installation - Ozone was measured on 
the two airliners by equipment installed for the 
NASA Global Atmospheric Sampling Program (GASP) (ref. 
3). The air sampling system is completely automated. 
Unattended operation provides continuous data acquisi- 
tion during normal passenger service along established 
airline routes. A second ozone instrument was added to 
the GASP system to measure ozone in the cabin simul- 
taneously with the outside ozone measurement. 


Location of sample air inlets - The points where 


ozone waS measured outside and inside the 747 cabin are 
shown figures 1 and 2. Air from outside the aircraft 
was sampled by a special external probe extending 
beyond the boundary layer near the nose of the air- 
craft. Air flowed in a 2.54 cm. diameter tube from the 
probe to the ozone instrument and associated equipment 
mounted on a special rack below the passenger deck at 
about station 360. Air from inside the aircraft was 
sampled at only one point in the cabin. Air was drawn 
from a 0.62 cm. diameter port about 1.5 m. above the 
floor in the right outside wall of the staircase to the 
upper deck (left side of the right isle). A Teflon 
ring attached to the wall extended the inlet to the 
port about 0.62 cm. from the wall surface (detail in 
fig. 2). This minimized drawing air from along the 
wall surface into the sample since ozone can be 
destroyed by contact with surfaces. About 6 m. of 0.62 
cm. diameter Teflon-coated tubing was used between this 
port and the ozone analyzer on the GASP rack. The 
tubing was cleaned and found to cause negligible loss 
of ozone. 


Air sample pressurization - Although unpres- 
surized air is desirable to avoid altering the air con- 
stituent being measured, measurements such as ozone 
need a pressurized air sample to achieve the desired 
instrument sensitivity. A diaphragm or bellows-type 
pump was used to increase the low pressure air at alti- 
tude to one atmosphere pressure. A pressure regulation 











system holds, the inlet pressure to the instruments con- 
stant at 1 -0.007 atm. at altitudes up to 13.78 km 
with a flow rate of 14 liters/min. 


Data Acquisition System - Ozone data (atmospheric 
and in-cabin) are taken with the existing GASP data 
acquisition and control system. All major components 
of this system are airborne units used by many airlines 
in normal flight data recording systems. The prepro- 
grammed processor for automatic system control is a 
modified Data Management Unit. This unit also provides 
certain data acquisition functions. Additional data 
acquisition is handled by a standard flight data 
acquisition unit. All data are recorded on a digital 
cassette recorder which is the same type Digital Aids 
Recorder (DAR) used by airlines for flight recording. 
The GASP system is autonomous having dedicated units 
for all data acquisition and system control. 




















Instruments are turned on during aircraft pre- 
flight. The computer or processor takes over control 
just prior to takeoff. A standby condition is held 
until a signal is received by the processor from the 
altimeter to set up the system for sampling. This was 
set at 6.1 km (20,000 £t.). A basic 60-minute sampling 
cycle is constructed by alternating 5-minute air sam- 
pling and 5-minute calibration modes. Thus, there are 
six sample readings and six different calibrations 
taken each cycle. All data are recorded during a 
16-second period at the end of each 5-minute air 
sampling and calibration mode. The ozone instrument 
requires only four calibrations during each 1 hour 
cycle. Thus, ozone measurements are taken every 10 
minutes during the first 40 minutes of the cycle and 
every 5 minutes during the remaining 20 minutes. 
Before landing, the system is returned to a standby 
condition. The time, position of the aircraft, alti- 
tude, speed and direction are recorded and thus pin- 
point each ozone measurement. 


















Data Reduction Procedure - The tape recorder cas- 
settes are removed from the aircraft about every two 
weeks. In-flight data on the cassettes are transcribed 
onto computer compatible tape which is shipped to NASA 
Lewis Research Center. This tape is initially proces- 
sed at NASA to provide a direct printout of the flight 
data, dividing the continuous data record into flight 
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segments based on flight origin and destination. Fur- 

ther data processing includes the ozone system calibra- 
tion correction, deletion of questionable and redundant 
data, and a re-transcription to a final format (refs. 6 
and 7). 


PRESENTATION OF DATA 


All GASP data, including the cabin and ambient 
ozone data presented herein, are available to the pub- 
lic on magnetic computer tape from the National 
Climatic Center, Federal Building, Asheville, NC 
28801. In addition to providing compact storage of a 
large amount of data, the availability of the data on 
computer tape facilitates data analysis and alternate 
presentations which would be awkward if not impossible 
from the hard copy. 


The data tabulated and plotted here are from GASP 
Tapes VLO009, VL0O010, VL0O012 and VLO014. These tapes 
include all data obtained by GASP equipped aircraft 
N533PA and N4711U from January 3, 1977 through January 
3, 1978. Flight routes and dates, instrumentation, 
data processing procedures, data tape specifications, 
and selected analysis of the cabin ozone data are 


reported in refs. 6 and 7. 


Explanation of Data Tables and Plots 


Tabulation and plots of all data - The plots and 
tables of GASP ozone data are organized chronolog- 
ically by aircraft in appendixes A and B for the 747SP 
(N533PA) and 747-100 (N4711U) aircraft respectively. 

In the plots for each flight, the upper panel gives the 
altitude (boxes) and latitude (crosses), the center 
panel gives the ambient (boxes) and cabin (crosses) 
ozone levels, and the lower panel gives the ratio 
(cabin divided by ambient). The altitude, ambient 
ozone, and ratio data are jointed by solid lines and 
latitude and cabin ozone are joined by segmented lines 
whenever the time between observations is 10 minutes or 
less (data are plotted at the multiple of 5 minutes 
nearest to their actual elapsed time). Data points are 
not connected if the time interval is greater than ten 
minutes. For ambient ozone less than 0.1 ppmv, the 
corresponding ratios are not plotted or tablulated. 
Each table has a heading where the departure and 
arrival airports are identified by the standard 








three-letter airport code (ref. 11), and the departure 
date and the aircraft number are given. The remainder 
of the heading is self-explanatory, although special 
cases arise: if no ambient ozone values were observed 
on a flight, then stars are entered for the maximum 
ambient ozone value and the maximum ratio value is 
given as zero; if no ambient ozone value greater than 
0.1 ppmv was observed, then stars are entered for the 
maximum ratio value. 


In the tables, ETIM is the elapsed time after the 
time of the first data record on the flight. RATIO is 
the cabin ozone amount divided by the ambient ozone 
amount. If any variable in the tables is missing, its 
position in the table is left blank. Observations are 
entered at minimum time intervals of 5 minutes (during 
the data processing, any observations made less than 5 
minutes after the most recent acceptable observation 
were disregarded). If two or more observations were 
made curing the same GMT minute, they were averaged 
together and an "A" is entered after the GMT. If the 
GMT was missing for an observation, then for all fol- 
l-wing observations on the flight, the elapsed time 
between observations was computed using the aircraft 
speed and the distance travelled between the geographic 
coordinates of the data points. The GMT of each obser- 
vation was then estimated by adding the computed elap- 
sed time to the GMT of the previous observation. In 
these cases an "M" is entered in the table after the 
GMT, unless two or more observations had the same esti- 
mated GMT in which case the "A" tag takes precedence. 


During the period April 2 through August 6, 1977, 
15th stage compressor bleed was used intermittently on 
N533PA to reduce cabin ozone levels (refs. 4, 5, and 
7). The high temperature (340°C - 480°C) asso- 
ciated with this stage dissociates much of the ambient 
ozone that would be otherwise coming into the cabin 
using the normal lower temperature compressor bleed. 
After May 15 the use of 15th stage bleed was coded into 
the onboard GASP data recording. Whenever the data 
records indicate bleed was in use a "B" is entered in 
the tables after the ratio value. 


Summary tabulations - A data summary, by flight, 


for all GASP flights with cabin and/or ambient ozone 
from January - December, 1977 is given in appendixes C 
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and D, for aircraft N533PA and N4711U respectively. 
The parameters presented were selected based on the 
requirements of reference 2 and include, for each 
flight, the departure date, route, mean flight level, 
data time interval, and cabin and ambient ozone data. 
All ozone levels are expressed as parts per million by 
volume (ppv). 


Entries appear for all flights from tapes VL0009 
(ref. 6), VLO010 and VLOO12 (ref. 7), and VLOO14 for 
which cabin and/or ambient ozone data are available. 
The number of cabin ozone measurements for each flight 
is given in the column headed ND following the 
departure date, route, and mean flight level. The 
elapsed time from the first to the last cabin ozone 
measurement for each flight is given in the TOTAL time 
column. An 'M' next to the TOTAL indicates that the 
observation time was not available for one or more 
cabin ozone measurements during the flight. Note that 
since the GASP system does not obtain data at altitudes 
below FL 195, the TOTAL time here is less than the 
segment time specified in reference 2. The time during 
which the cabin ozone level exceeded 0.1 ppmv is given 
in the 03 > .1 column; and the time during which the 
cabin ozone level exceeded 0.3 ppmv is given in the 
03 > .3 column. 


The mean (MEAN) and mean plus 1 standard 
deviation (M + SD) cabin ozone levels are time-weighted 
averages over the time period given by TOTAL. The 
maximum observed cabin ozone levels are also listed. 
The maximum time-weighted average cabin ozone level 
during any two hour interval in the flight is given 
under 2HR. If TOTAL is less than 2 hours, the value 
appearing in the 2HR column is the flight mean. 


Next, the number of data points, time-weighted 
mean and mean plus 1 standard deviation, and maximum 
values of ambient ozone data are given for each flight. 
For measurement periods in which both cabin and ambient 
ozone data are available, and in which the ambient 
ozone level is greater than 0.1 ppmv, the ratio of 
cabin to ambient ozone is calculated. The number of 
these data points, as well as the mean and standard 
deviation are given following the ambient ozone data 
for each flight. 


The final column in the Summary Tabulations indi- 
cates the compressor bleed/filter status, when avail- 
able, for aircraft N533PA. The tags in this column 
identify operational and configuration changes made by 
the airline in efforts to reduce cabin ozone levels. A 
"B" in this column for flights after May 12, 1977 
indicates that high temperature (15th compressor stage) 
bleed was used for cabin air during one or more 
measurement periods in the flight. Because independent 
documentation on the use of 15th stage bleed is not 
available for flights prior to May 12th, these are 
identified by a '?', although 15th stage bleed was used 
prior to this date. Flights and time intervals in 
which high temperature bleed was used are generally 
readily apparent in the flight plots, as shown by a 
marked decrease in the ratio of cabin to ambient 
ozone. An 'F' in the final column identifies flights 
after a charcoal filter system was installed on August 
6, 1977. Note that this column applies only to air- 
craft N533PA (appendix C). There were no air condi- 
tioning system modifications or use of high temper- 
ature bleed for cabin air on N4711U (appendix D). 
Further analysis of these data are given in refs. 6 and 
7. 


Table I summarizes the simultaneous cabin and 
ambient ozone data for both GASP equipped aircraft. As 
our purpose here is to consider only those times when 
ozone may be a problem, only those cases when the 
ambient ozone amount was above 0.1 ppmv are included in 
the table. Thus, the statistics in table I generally 
refer to stratospheric flights. There may be factors 
other than those listed which influence the retention 
ratio from flight to flight, or even within a flight, 
such as load factor or flight duration (ref. 5). A 
measure of the variability of the retention ratio is 
given by its standard deviation, which has been 
included in table I. 


SUMMARY OF RESULTS 


Measurements of ozone concentrations both outside 
and in the cabin of an airline operated Boeing 747SP 
and Boeing 747-100 airliner are tabulated and plotted. 
Tables and the corresponding plots for each flight are 
arranged chronologically for the two aircraft. Data 
were taken at five or ten minute intervals by automated 


instrumentation used in the NASA Global Atmospheric 
Sampling Program (GASP). All cabin ozone data obtained 


by GASP-equipped airliners N533PA and N4711U during 
1977 are presented. 
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Figure 1. - Air sample inlet probes mounted on 747 airliner equipped for 
GASP. 
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Figure 2. - Ozone measurement locations on B74? airliner. 
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